Intraluminal manometry and cineradiography have permitted the characterization of esophageal motor activity in various pathologic states, notably achalasia, diffuse spasm, hiatus hernia, reflux esophagitis, and collagen diseases. The results of such investigations have been compared with those obtained from young or middle-aged normal subjects, without consideration of the effect of aging alone.
Changes of esophageal motor function occurring with advanced age, although alluded to in the literature (1) (2) (3) (4) (5) (6) (7) , have not been systematically studied. We have investigated 15 subjects of 90 years of age and older in an attempt to find answers to the following related questions: What are the changes in esophageal function related to age alone? Does the aged esophagus simulate any of the known clinical disorders of this organ?
Methods
Fifteen individuals from 90 to 97 years of age were studied; 13 were males and 2 females. Some were convalescing hospital patients; others were receiving nursing home care. A complete medical history was obtained, and a physical examination was performed by one of the authors. Patients with gastric, esophageal, or central nervous system disease, other than senile dementia, were excluded.
Four of the subjects had a moderate degree of senile dementia with confusion and defects in recent memory; 4 subjects were bedridden. Deep tendon reflexes and the perception of pin pricks and vibration were frequently absent or impaired (Table I) . Ten suffered from a number of chronic ailments common in this age group, such as diabetes and ischemic heart disease. One subject had a mild, normochromic anemia (11.4 Cineradiography. Esophageal cineradiography was performed with all subjects in the supine position; in 12 subjects upright studies were also obtained. Sixty ml of barium suspension (850 g barium sulfate per 1,000 ml water) was used, and the end of swallowing was marked on the films. Subjects were examined in the right and left anterior oblique positions. No special maneuvers were employed to induce gastroesophageal reflux or the formation of a hiatus hernia. Approximately 3 minutes of esophageal activity was recorded.
Emptying was termed "delayed" when contrast material was still present in the esophageal lumen 20 seconds after the end of swallowing. In normal young adults the peristaltic wave that follows swallowing empties the esophagus in less than 15 seconds (8) . Esophageal dilatation was recorded only if all 3 authors independently judged it to be present. Variations in distances between focal spot and the subject's esophagus did not permit objective measurement of the esophageal diameter.
Motility studies. Esophageal pressures were registered with a standard recording system: 3 open-tipped, waterfilled, polyvinyl tubes of 1.8 mm internal diameter, fused longitudinally, with their tips 5 cm apart, were connected to Sanborn transducers (model 267). Recordings were made on a 4-channel direct writing Sanborn instrument. The transducers were leveled at 10 cm above the table with the patient lying supine. Pressures are reported in millimeters Hg above atmospheric pressure. Height of peristaltic waves is recorded as pressure increment above resting pressure. All pressures analyzed are endexpiratory, except peristaltic peak pressure. Distances are expressed in centimeters from the nares.
Respirations and swallows were recorded simultaneously on a fourth channel with 2 pneumographic belts that were attached around chest and neck. The catheter tips were withdrawn from the stomach into the esophagus by 0.5-cm increments. A dry and a wet swallow was recorded with each new tube position. When the distal tip was in the high pressure zone (HPZ), the recording tube was fixed in this position, and a number of dry and wet swallows were recorded. Next, a 10-minute resting recording was obtained with the distal tip still in the HPZ. After this, a thin-walled rubber balloon attached to a polyvinyl tube (1.8 mm internal diameter), which had a metal marker at its distal end, was intro-1472 
duced per os in 14 subjects and positioned under fluoroscopic control in the mid-esophagus with the proximal end of the inflated balloon at the aortic arch and the distal end several centimeters above the proximal pressure recording tip. Although fluoroscopically the position of the distal recording tip appeared unaltered, the pressure tracing indicated that this tip was no longer in the HPZ in 3 subjects after introduction of the rubber balloon. To stimulate secondary peristalsis, the balloon was inflated within 1 second with air for 3 seconds; this was repeated 10 times. The volume of air used was determined by the amount needed to create a slight resistance upon inflation of the balloon in situ or the appearance of mild substernal pain in the subject; this usually required 30 ml, sometimes 40 ml, of air. Finally, the balloon was inflated with air and connected to a volume recording device inscribing on a kymograph (9) . Ten-minute recordings on the kymograph and the Sanborn recorder were made after subcutaneous injection of 5.0 mg of methacholine chloride in 13 subjects, followed after 10 minutes by a 7.5-mg dose in 5 subjects.
The term "peristaltic wave" as used in this paper refers to the major, symmetrical pressure wave of the peristaltic complex ( Figure 1A ). "Duration" of the peristaltic wave is defined as the time necessary for the peristaltic wave to pass by a recording tip; in our studies this tip was located 10 cm proximal to the HPZ or to the point of respiratory phase reversal if no HPZ was present. Pressure waves were designated as "nonpropulsive" if a difference of 0.2 second or less was present between the onset of the pressure rise on 2 tracings recorded from tips 5 cm apart (10) .
Results were calculated from the total number of observations made in the entire investigation. In addition, data on the various motor phenomena recorded in individual subjects are presented in Table III . The esopha- geal motor responses to dry and to wet swallows were nearly identical in all respects and are, therefore, not reported separately.
Results

Cineradiography
Tertiary contractions occurred frequently, and in 9 studies they were the predominant motor response (Table II ). In 6 subjects no esophageal peristalsis was observed. In only 2 subjects did esophageal motor activity appear similar to that in normal younger adults.
Appreciable delay in emptying of esophageal contents into the stomach was observed in 8 of the 15 studies with the subjects supine and in 3 of the 12 subjects examined in the upright position. In 5 subjects there was a moderate degree of uniform esophageal dilatation. Gastroesophageal reflux was seen in 7 of 15 subjects in the horizontal position. A small sliding hiatus hernia was observed in only 1 subject (No. 3). Frequently the abnormal motor activity of the distal esophagus produced an appearance similar to a small hiatal hernia. When the differentiation could not be made with certainty, a hiatus hernia was not diagnosed.
Motility studies (Table III) 1) High pressure zone (HPZ) The high pressure zone (HPZ) or lower esophageal sphincter is defined as an area in the distal esophagus that exhibits an elevated resting pressure compared to adjacent segments of the esophagus or to intragastric pressure. In 7 subjects the HPZ was lo-cated entirely in the thorax, and in another 7 it straddled the "effective diaphragmatic hiatus." The latter is defined as the point of reversal of the respiratory waves on the pressure tracirg. In 1 subject (No. 15) an HPZ was not present. The length of the HPZ was 3.7 + 1.1 cm (mean ± 1 SD), and pressure increase recorded was 7.5 2.3 mm Hg.
Relaxation of the HPZ was observed after 44% of all swallows and was consistently absent in 2 subjects (No. 1, 3) ( Figure 1B) . In every subject the distal recording tip remained in the zone of elevated esophageal resting pressure during all swallows that were evaluated.
2) Primary esophageal peristalsis. A total of 403 swallows was recorded. Fifty-one per cent were followed by peristalsis, 45%o by nonpropulsive contractions, and 4%o by no motor response at all. In 3 of the 15 subjects (No. 10, 11, 14) , no esophageal peristalsis was registered by the recording tips located 5 and 10 cm above the HPZ.
Duration of the peristaltic wave was 4.16 + 1.19 seconds (mean ± 1 SD), and the speed was 3.54 + 1.33 cm per second; the pressure increment above base line was 29.2 ± 10.5 mm Hg.
Nonpropulsive contractions followed more than 25%o of all swallows in 10 of the 15 subjects. In 8 subjects (No. 8 to 15) some of the nonpropulsive contractions were repetitive in character, as defined by momentary return of the pressure tracing to the base line between two pressure maxima ( Figure IC ). These 8 subjects had 149 nonpropulsive contractions of which 48 (32%o) were repetitive. Of the total 403 recorded swallows, 12%o were followed by repetitive nonpropulsive contractions.
3) Esophageal activity during resting. During 8 minutes of observation, spontaneous nonpropulsive contractions, not preceded by swallowing ( Figure 1D ), were seen in 7 of our 15 subjects. In 6, only a small number of spontaneous contractions were observed (1.33 per 8 minutes). In 11, 13, 15) no peristaltic activity followed any of the 10 distentions. In the 3 subjects with absence of primary peristalsis, secondary peristalsis did not occur in 1 (No. 11), and it occurred only one out of ten times in the 2 other subjects (No. 10, 14). HPZ relaxation was evaluated in 10 subjects and occurred after only 54% of esophageal distentions. 5) Response to methacholine. In none of the subjects did the balloon kymographic response characteristic of cardiospasm appear. However, patients with cardiospasm occasionally require larger doses than those used by us to elicit the typical "Mecholyl" response (11) . In 1 subject (No. 15) an increase in esophageal resting tone developed, reflected by a change in balloon volume from 37.4 to 28.0 ml of air. A slight rise in intraluminal pressure of 2 and 3 mm Hg occurred in 2 of the 14 subjects (No. 10 and 15). None developed substernal pain. The absence of esophageal motor response after swallowing rose from 4%o before to 26%o after methacholine.
Discussion
On radiologic examination, esophageal motor function appeared disorganized and inefficient. This is in agreement with other reports on aged individuals (1, (3) (4) (5) (6) . Uniform esophageal dilatation, seen in one-third of our subjects, was found to be even more pronounced and frequent in a larger group of nonagenarians studied by cineradiography alone ( 12) . The 50%7 incidence of upward displacement of the HPZ into the thorax in our subjects approaches that observed in pregnant women (13), many of whom had gastroesophageal reflux with heartburn. By contrast, in normal younger subjects the HPZ straddles the effective diaphragmatic hiatus in 80 to 100%o of cases (14) (15) (16) . Abnormalities of esophageal pressure recordings, such as double respiratory reversal, two pressure peaks on withdrawal of the recording tips, and increased length of the HPZ have been reported to indicate the presence of a hiatus hernia (17) . In view of the frequently intrathoracic position of the HPZ in our subjects, these pressure phenom- t Reference numbers are given in parentheses. ena were carefully looked for but were never observed on our tracings. Reflux was present in 3 of the 7 subjects with an entirely intrathoracic HPZ and in 4 of the 7 in whom the HPZ extended below the effective diaphragmatic hiatus. Mean length and resting pressure of the HPZ are similar to the reported values in younger adults (14-16, 18, 19) . Therefore, the high incidence of gastroesophageal reflux seen on cineradiography cannot be attributed to an insufficiency of the HPZ or to its location.
In young adults the HPZ responds to 90 to 100%o of swallows and distentions of the esophagus with a sudden drop in pressure (7, 14, 20) . Relaxation of the HPZ occurred only half as often in our nonagenarians, and this may be partly responsible for the delay in esophageal emptying observed cineradiographically in 3 subjects in the upright position (Tables II and III) .
In young normal adults, 90%o (15) to 94%o (7) of swallows initiate an esophageal peristaltic wave, compared to our figure of 51%o. In 11 of our 15 subjects the incidence of peristalsis after swallows was less than 80%o. In contrast to the defect in initiating primary peristalsis, the speed, height, and duration of peristaltic waves that did occur were normal (2, 7, 15, 18) .
The decreased incidence of primary peristalsis was accompanied by a marked increase in nonpropulsive contractions after swallows. A nonpropulsive contraction was elicited by more than 25 o of swallows in 10 of our 15 subjects, and in only 3 of 10 young normal adults studied by Nagler and Spiro (15) . The same authors (13, 15) did not find repetitive nonpropulsive contractions after swallows in their younger subjects. In our group, 12% of all swallows evoked such a pressure profile. Creamer, Donoghue, and Code (10) in a study of subjects 43 to 60 years of age reported that repetitive nonpropulsive contractions followed 10% or less of swallows. This incidence was exceeded by 4 of our nonagenarians. (18) Comparison of the esophageal motility pattern on the manometric tracings with the cineradiographic appearance shows some discrepancies for which a variety of factors may be responsible (see Tables II and III) . Of the 6 subjects in whom no peristalsis was seen on the radiographic film strips, only 2 subjects showed no primary peristalsis on the motility tracing; in 3 the incidence was reduced to 5%, 36%o, and 38% of swallows, but in 1 (No. 6) peristalsis followed 96% of swallows. Conversely, peristalsis was judged to be reduced (1 subject) or absent (5 subjects) in all 6 subjects who showed an incidence of peristalsis after swallowing of less than 50%o. In general, the incidence of primary peristalsis was underestimated on the radiologic examination. Reasons for this discrepancy may be the much longer period of observation during the motility study, the fact that the radiologic and the manometric studies were performed on different days, and lastly, technical differences between the two methods of observation as discussed in a recent review (21) .
The incidence of peristalsis after esophageal distention (40%o) in our aged subjects is similar to the figures of 37%o (7) and 47%o (22) reported in young subjects. In the same reported studies, no motor response occurred in 58 and 47%7 of' balloon distentions, respectively; this compares to 7%o in our cases. Nonpropulsive contractions after esophageal distention occurred frequently in our subjects, viz. 53%o versus 5 and 6%o in young adults (7, 22) .
Spontaneous contractions, observed in 7 of our 15 subjects, were recorded in 5 of 24 young adult subjects by Nagler and Spiro (13, 15) and are frequently seen in cardiospasm (23), scleroderma (24) , and diffuse spasm (10) . It is unlikely that these pressure profiles represent a response to gastroesophageal reflux, since all contractions that were designated "spontaneous" were of the nonpropulsive type, and none was preceded by the pressure plateau indicative of reflux of material from the stomach into the esophagus (13) .
The slight rise in esophageal resting pressure after methacholine injection in 2 of our subjects is similar to the response of 10 young subjects to 3.0 mg of the drug as reported by Nagler and Spiro (15) . The degree by which esophageal function of individual subjects differed from the pattern seen in young adults was quite variable (Table III) . However, esophageal motility in our group as a whole evidently bears some similarity to that reported in patients with "diffuse spasm" (10). One of our subjects (No. 14) admitted, after persistent questioning, to several years of mild, infrequent dysphagia when eating solids, although he had suffered no loss of weight. Esophageal peristalsis followed none of 34 swallows and 1 of 10 balloon distentions; the HPZ relaxed after only 54% of swallows. Esophagoscopy and cineradiography disclosed no further abnormalities. The rather low incidence of repetitive contractions in this subject, the absence of prolonged duration and increased peak pressure of the nonpropulsive and propulsive deglutitive responses, and the normal length and resting pressure of the HPZ make the diagnosis of "diffuse spasm" appear unlikely (10) . We tentatively ascribe this subject's dysphagia to advanced senile deterioration of esophageal function. This case illustrates that there is no reliable way of differentiating between "diffuse spasm-asymptomatic or symptomatic" and "presbyesophagus" at our present state of knowledge. It is indeed possible that only a quantitative difference exists between these two entities.
The existence and location of an anatomical lesion accounting for the "disorganization of the highly integrated act of deglutition" (25) found in old age is a matter of speculation. Normal peristalsis requires an intact myenteric plexus (5), but the microscopic appearance of the intramural esophageal ganglion cells in advanced age is unknown. There is no clear-cut correlation between the degree of abnormality found on the neurological examination, the incidence of primary and secondary peristalsis, and the presence of senile dementia in our subjects (Table I and III) .
Summary
Esophageal motor function was evaluated by cineradiography, intraluminal manometry, and balloon kymography in 15 nonagenarians without gastrointestinal and central nervous system illness other than moderate degrees of senile dementia. Results were compared with those obtained by other investigators in younger subjects. Disorganization of the response to deglutition was revealed by a defect in initiating relaxation of the lower esophageal sphincter and of primary peristalsis, whereas the incidence of secondary peristalsis was impaired less frequently. Nonpropulsive, often repetitive, contractions were numerous. Tertiary contractions, delay of esophageal emptying, and dilatation of the esophagus were the predominant radiographic abnormalities.
The observed motility pattern resembles that of diffuse esophageal spasm.
